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Abstract

In this paper, we propose an all-metal Vivaldi array antenna with dual-slant polarization for high-power jammer systems. The single Vi-

valdi element of the proposed array consists of radiating flares and an inner cavity to achieve high directivity and wide-frequency band

impedance-matching characteristics. We expanded the proposed Vivaldi element to a 4 x 4 array antenna with dual-slant polarization

considering the occurrence of grating lobes. The fabricated array antenna produced measured active voltage standing wave ratios below
2.74:1 (Port 1) and 2.85:1 (Port 6) in the frequency range of 2.5-5.5 GHz for all steering angles. In addition, the measured array gain is
above 9.5 dBi in the frequency range from 2 GHz to 6 GHz. These results confirm that the proposed array antenna consisting of metallic

components for high durability is suitable for application to high-power jammers.
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I. INTRODUCTION

In modern electronic warfare, dramatic advances in multifunc-
tional radars, high-precision surveillance systems, and high-speed
radio communications have led to increased interest in high-
power jammers that can use radio frequency waves to interfere
with or perturb other electronic systems. In high-power jammer
systems, it is important to design a phased array antenna to have a
broad bandwidth characteristic, because most recent military ra-
dio equipment adopts multifunctional performance across multi-
ple frequency bands. Various studies have designed broadband
array antennas with inexpensive printed circuit boards, such as
Vivaldi antennas [1], log-periodic dipole antennas [2], and broad-
band monopole antennas [3,4]. Although such antennas can have

wide operating frequency bands, their large geometric sizes and
low durability typically make them unsuitable for high-power
jammer systems. To reduce the array aperture size, a number of
miniaturized metallic broadband antennas with flared-notched [5,
6], cone [7], and horn [8] shapes have been introduced. However,
a small array aperture size leads to a low array gain performance in
high-power jamming applications. In addition, an in-depth study
is needed to design an array antenna for high-power jammers
based on beam-steering properties and array configurations.

In this paper, we propose an all-metal Vivaldi array antenna
with dual-slant polarization for high-power jammer systems. The
single Vivaldi element of the proposed array consists of radiating
flares and an inner cavity, based on the model developed in [9].
The proposed array element needs a high array gain performance
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in the low-end frequency band for use in high-power jammer
systems to maximize the width (the array distance) and increase
the electrical aperture size. Furthermore, the width of the pro-
posed array element is determined by considering the maximum
beam-steering range with the occurrence of a grating lobe. The
radiating flares are adjusted to obtain high directivity with mini-
mized pattern distortion in the bore-sight direction. The inner
cavity of the antenna has a significant impact on the impedance
matching characteristics, allowing wideband operation. The de-
tailed design parameters for the array element are optimized at
the bore-sight direction based on an infinite periodic array to
achieve broad frequency band characteristics. Considering grating
lobes, we then expand the proposed Vivaldi element to a 4 x 4
array antenna with dual-slant polarizations. To confirm the feasi-
bility of the proposed array antenna, we fabricated a prototype
and conducted measurements in an anechoic chamber to evaluate
its antenna properties, such as the active voltage standing wave
ratio (AVSWR), active element pattern (AEP), array gain, and
steered beam pattern. The results demonstrate that the proposed
array antenna consisting of metallic components for high durabil-
ity is suitable for application to high-power jammers due to its
enhanced gain considering the steered beam performance.

II. PROPOSED ANTENNA DESIGN

1. Array Distance Determination Considering the Grating Lobe
Fig. 1(a) and 1(b) show the planar and triangular array con-
figurations of the Vivaldi antenna with slant polarization. For
high-power jammer applications, the array antenna aperture
needs to be as large as possible because the array requires high-
gain properties. In addition, it is essential to determine the array
distances (dx1 and dy1) and the total Vivaldi width (w) to avoid
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unwanted grating lobes for beam steering. In a uniform planar
array, the array distances (dx'y = @)1 = 42 mm [0.84A at 6

GHz]) along the x- and y-axes are equal. A grating lobe does
not occur until the maximum steered beam at angles of 4z =

12.2° and E/ = 11.9°. However, it did not achieve the required
beam-steering angles (—45° < Az < 45° and —25° < E/< 25°) in
this research, as shown in Fig. 2(a). On the other hand, Fig. 2(b)
presents the improved grating-lobe-free region of the triangular
array, despite the array distance dx; being equal to that of the
planar array. dx, (x-shifted array distance at an even-numbered
row), and dy; are half of dx;. These array distances result in an
isosceles-right triangular array configuration that can increase
the grating-lobe-free region up to the required beam steering
region. Based on the results, the total Vivaldi width w can be
determined as 29.7 mm, which is the square root of dx;.

2. Micro-Doppler Effect

Fig. 3(a) and 3(b) illustrate the geometry of the proposed ar-
ray element. The proposed Vivaldi element, based on Kindt's
model [9], is composed of radiating flares and a cavity part. The
radiating flares have exponential curves using a function of

f(2), as follows:

f(2) = ae®E e, )
_ In(PAP4)
b=—0 @)

We determined the flare curves to achieve high directivity for
high-power jammers. The length 4 affects the number of reso-
nances in the broadband frequency band. The cavity part is an
important component of the proposed antenna geometry that can
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Fig. 1. Geometries of array configuration: (a) planar array configuration and (b) triangular array configuration.
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Fig. 2. Grating-lobe-free region and grating lobe region: (a) planar array configuration and (b) triangular array configuration.
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Fig. 3. Geometry of proposed array element: (a) front view, (b) isomet-

ric view, and (c) periodic structure.

improve the broadband impedance matching characteristics. The
total area of the metal component for the proposed element can
be adjusted according to the width w; and length / of the rectan-
gular cavity. It can tune the antenna port reflections in the low-
end frequency band because the electrical current path lengthens
when the metal area increases. Then, the cavity and the radiating
flares are connected through linear transmission lines, which ena-
ble fine-tuning of the broadband impedance matching character-
istics. Fig. 3(c) presents the extension of the periodic structure for

observing the AVSWR in consideration of dual-slant polarization.

Vivaldi array elements are rotated by *45° and integrated so that
their edge sides are shared. Herein, the width w; is half the Vi-
valdi thickness 2 We then optimize the proposed array element
parameters based on the infinite periodic array to achieve broad

frequency band operation, and the detailed parameters are listed
in Table 1. Fig. 4 shows the simulated AVSWREs of the periodic
structure from 2-6 GHz at steering angles (4z, EJ) of (0%, 0°),
(45°,0°), and (0°, 25°). There is an abnormal peak near the central
frequency band that can be adjusted by the parameters 7 and 4. In
our research, the thickness should be maximized to enhance the
array gain in the low-end frequency band, so that # and 4 are op-
timized by 10 mm and 56 mm, respectively. to achieve the maxi-
mum AVSWRs at steering angles (4z, E)) of (0°, 0°) and (45°, 0°)
below 3:1 over the operating frequency band.

III. ARRAY FABRICATION AND MEASUREMENT

1. Array Expansion and Fabrication

Fig. 5 represents the proposed array antenna having dual-
slant polarization with 32 elements (a 4 x 4 triangular array con-
figuration) for high-power jamming applications. To observe

Table 1. Optimized dimensions of the 1 x 4 array

Parameter Value Parameter Value
w 19.7 A 166
w) 5 h 56
w; 3.5 b 21.6
ws 8.4 A 14.7
ws 2.5 5 1.5
we 10.5 I 4.7
wy 6.35 Vi 34.4
a 0.16084 t 10
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Fig. 4. AVSWR of the proposed periodic structure according to beam

steering angles.

the array performance, the +45° slant-polarized elements are
excited to obtain the S-parameter matrix and active element
patterns, while the other polarized elements are terminated with
50-Q loads. Fig. 6(a) shows each component of the proposed
array antenna: radiators, a cavity part, a ground plate, and SMA
feeders. In particular, the modularized radiating components
can easily be replaced in case of breakdown or malfunction. Fig.
6(b) illustrates the assembly process employing bolts and nuts
for high durability and easy fabrication. Fig. 6(c) and 6(d) show
photographs of the fabricated array antenna.

2. AVSWR Results

To observe the AVSWRs of the proposed array, the +45°
slant-polarized elements are measured using a two-port vector
network analyzer. All ports are measured to obtain a 16 x 16 §-
matrix for the AVSWR calculation according to the 4z and E/
directions as follows [10-12]:

()

top view.
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Uy = sin(4z) cos(El) , v, = sin(ED), “@

1+ |T;(Az, ED)|

AVSWR = T r Az EDT ¥

I(Az, El) is the active reflection coefficient of the i-th port
according to the steering angle in the azimuth and elevation
directions, and 7 is the port index number (i =1, 2, ..., I). m and
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Fig. 6. Photographs of the fabricated array antenna: (a) partial compo-

nents of the antenna parts for fabrication and (b) assembly fab-
rication process, and (c) isometric view and (d) side view.

(b)

Fig. 5. The proposed array antenna, with dual-slant polarization and 32 elements in a 4 x 4 triangular array configuration: (a) isometric view and (b)
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Fig. 7. Measured and simulated AVSWR of the proposed array antenna: (a) Port 1 (the edge element) and (b) Port 6 (center port).

n are the index numbers of column and row elements (M =1, 2,
3..,and N=2,4,6 ...). Fig. 7 shows the AVSWR results at
steering angles (A4z, El) of (0%, 0°), (45°, 0°), and (0°, 25°) for
Port 1 (the edge element) and Port 6 (the center element). The
measured and simulated AVSWRSs for Port 1 are below 2.74:1
and 2.99:1 from 2.5 GHz to 5.5 GHz. The peak measured and
simulated AVSWRs for Port 6 are 2.85 and 2.88, respectively,
and these results agree well with each other. In addition, we
obtain the array mismatch efficiency of the proposed array an-
tenna as a figure of merit to evaluate the array performance for
the high-power jammers using Eq. (6) [13].

1
ef f = (1 - Zm(Az, El)|2> /I, ©

i=1

Fig. 8 illustrates the measured and simulated array mismatch ef-
ficiency of the proposed array antenna at steering angles according
to the frequency. The measured averaged array mismatch efficien-
cies over the entire frequency range are 91.3% (4z = 0%, E/ = 0°),
87.2% (Az = 45°, E/ = (0°), and 90.9% (4z = 0°, E/ = 25°), and
those of the simulations are 93.6%, 90.4%, and 93.4%, respectively.

3. Radiation Performance

The AEPs for all ports of the proposed array are measured in
an anechoic chamber to obtain the array radiation performance.
The array gain is calculated using the AEPs of all ports based on
Eq. (7) [14, 15]:

Y1 W,5,(Az, EI)

/Zizllwilz ?)

where g; is a complex AEP vector of the i-th port, and w; is a

Garray(Az, El) =

complex weighting vector of the 7-th port. Fig. 9 shows compari-
sons of the measured, simulated, and theoretical array gains in the

bore-sight direction. The theoretical result is calculated as 4mA4/A%,

where A is the aperture area of the proposed array (in this case,
179 cm?). All the results agree well with each other, and the
measured array gain is above 9.5 dBi from 2 GHz to 6 GHz. To
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Fig. 8. Measured and simulated array mismatch efficiency of the pro-

posed array antenna.
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Fig. 9. Measured and simulated boresight gains of the proposed array
antenna with theoretical results.
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Fig. 10. Measured and simulated array radiation patterns according to beam-steering angles at 6 GHz: (a) E-plane and (b) H-plane.

Table 2. Comparison of the proposed antenna performance with that of existing references

T ST
Yan etal. [6] 7.3 8x8 Dual 9:1 Metal
Kindt and Pickles [9] 1.89 8x8 Dual 12:1 Metal
Zhang et al. [16] 1.49 1x26 Dual 5:1 PCB
Zhong etal. [17] 5 11x11 Dual 9:1 PCB
Logan et al. [18] 9.39 19x19 Single 10:1 PCB
Tzanidis et al. [19] 2 7 %7 Single 31 PCB
Proposed 10 4x4 Dual-slant 31 Metal

YEstimated array gain from an element gain.

examine the beam steering performance, the complex weighting
vector w; for each port is obtained at a high-end frequency of 6
GHz in accordance with the steering angle in the azimuth and
elevation directions. Fig. 10 shows the beam steering performanc-
es along the E- and H-planes according to the steering azimuthal
(Az = 0°, 15°, 30°, 45°) and elevational (E/ = 0°, 10°, 20°, 30°)
angles at 6 GHz. The measured peak side lobe levels along the
azimuth and elevation directions are 10.2 and 10.7 dB, respec-
tively. The steered beam patterns can maintain high gain proper-
ties without the existence of grating lobes. The proposed array
antenna performances are compared with previous works, as
shown in Table 2 [6, 9, 16-19], for further explanation.

IV. CONCLUSION

In this paper, we proposed the all-metal Vivaldi array antenna
with dual-slant polarization for high-power jammer systems.
The single Vivaldi element of the proposed array was composed
of radiating flares and an inner cavity. The Vivaldi array element
parameters were optimized using the periodic structure at the
bore-sight direction to achieve broad frequency band character-

398

istics. The maximum AVSWRs of the proposed array element
were below 3:1 from 2 GHz to 6 GHz at steering angles (A4z, El)
of (0%, 0°) and (45°, 0°). It was expanded to a 4 x 4 array antenna
with dual-slant polarizations in consideration of the grating
lobes. The measured AVSWRs at Port 1and Port 6 were below
2.74:1 and 2.85:1, respectively, in the frequency range of 2.5
5.5 GHz, and the measured array gain was above 9.5 dBi from
2 GHz to 6 GHz. The results demonstrated that the proposed
all-metal array antenna is suitable for high-power jammers due

to its high gain and high durability.

This work was supported by the Agency for Defense De-
velopment Grant funded by the Korean government (No.
912758101).
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